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In the vicinity of Sourdough Ridge, mesoclimate regimes influenced by topography and aspect are indicated by differences in late season snow cover. Across Stetattle Creek from the study area, hanging glaciers persist on the northeast face of Davis Mt. down to an elevation of 1,200 m. In contrast, the southwest-facing study area at about 1,900 m is probably snow-free by mid-June in most years. In mid-August 1969 considerable snow still persisted in some adjacent depressions with southeast or northwest aspect, while cornices and other wind-accumulated snow persisted at a few sites along the ridge crest. These areas of late snowmelt support little or no vegetation.
METHODS

Soils
Soils were sampled in each plant community on slopes of 60 or less and aspect of about S 300 W, on somewhat convex topography near the ridge top. Profile morphology was described, samples were airdried and screened in the field, and stoniness was assessed gravimetrically with a spring balance. Laboratory analysis of the fine (< 2 mm) fraction included: particle-size distribution (hydrometer); pH (1:2 soil:water, glass electrode); total N (Kjeldahl); organic matter (Walkley-Black wet oxidation, to exclude charcoal from burned sites); and cationexchange capacity (N CH3COOK, pH 7). Analytical details are described by Jackson (1958 content ranges from 1 % to 10%. High and low clay contents in A horizons of burned and heath soils may reflect localized surface erosion and deposition. The organic matter component of these soils is considered especially important because of limited water and nutrient retention by the shallow, coarsetextured mineral component. Organic matter content of the < 2-mm fraction ranges from 3% to 17%. Cation-exchange capacity of this fraction ranges from 11 to 47 meq/ 100 g and is closely related to organic matter content. Humus forms reflect vegetation and stand history, with thin mor under undisturbed krummholz, raw moder under undisturbed heath vegetation, and mull-like moder on burned sites.
Nitrogen content of the < 2-mm fraction varies considerably, ranging from 0.05% in a Bf horizon to 0.73 % in the thin Ah horizon of the burned krummholz site. Carbon-to-nitrogen ratios range from 14 to 41. On burned and heath sites, the carbon-tonitrogen ratio is high in the deepest B horizon, presumably because of poorly decomposed residues of roots that proliferated over the bedrock surface. As in typical forest soils, the carbon-to-nitrogen ratio under undisturbed krummholz is high in the A horizon.
Soil pH is lower under krummholz than under heath vegetation, and lower on unburned than on burned sites. This is generally true of both A and B horizons. Soon after fire, A horizon pH levels were doubtless much higher in burned areas, but current pH differences appear too small to effect substantial ecological differences between sites.
Textural uniformity and the similar ranges of soil depth and drainage class on all sites suggest that no primary edaphic factor universally accounts for the predisturbance distribution of krummholz and heath vegetation in the area. Of all soil properties examined, pH shows the largest and most consistent analytical differences between burned and unburned sites; humus form shows the most obvious morphological differences.
Plant communities
Plant cover and frequency in the four plant communities are summarized in Table 2 The krummholz tree form attests to the severity of the environment on this alpine ridge; however, the existence of a more favorable microenvironment beneath the krummholz canopy is indicated by the presence of Cryptogramma crispa var. acrostichoides, Luzula campestris var. multiflora, and Polystichum munitum var. munitum, species more common to lower elevations. Floristically, the burned krumholz community is drastically different from the unburned krummholz community. The vascular plant species increase from 23 to 35 species. Since moss species decrease from 12 to six, the overall change is from 37 to 43 species, 27 of them different from those found in the undisturbed community. The tree species, except for two small, depauperate specimens of Pinus albicaulis and Tsuga mertensiana, were killed, and only dead trunks and branches remain. Little dominance is expressed by any individual species, the highest cover being contributed by Penstemon procerus var. tolmiei (8%) and Polytrichum juniperinum (8%). Vaccinium deliciosum has decreased in cover (21 % to 6% ), but appears able to withstand fire or reinvade much better than Phyllodoce empetriformis, which is extremely rare at present. A conspicuous feature of this burned site is the invasion of a number of grasses and sedges, especially Trisetum spicatum and Poa sandbergii. Deschampsia atropurpurea var. latifolia, infrequent in the original community, has notably increased in cover and frequency. Although moss species are few, moss cover is greater in the burned krummholz community, mainly because of increases in Polytrichum juniperinum, P. piliferum, and Bryum creberrimum. Epilobium angustifolium, a prolific pioneer species on burned areas at lower elevations, is also conspicuous in the disturbed krummholz community. However, it reaches only 20-25% of the height attained by lower elevation populations. Luetkea pectinate, another pioneer species, frequent in the Subalpine Zone of the North Cascades (Douglas 1970) , is much more prominent in the burned than unburned krummholz community.
The burned heath community resembles the burned krummholz community, but also includes several species more characteristic of unburned heath. Vaccinium deliciosum and Phyllodoce empetriformis remain important after fire, though Cassiope mertensiana is eliminated. The cover and frequency of Polytrichum piliferum are increased. Species richness of lichens remains the same as in the unburned community, but frequency and cover are greatly reduced.
Several indices evaluate the similarity, diversity, and equitability of the four communities (Table 3) . Although values reflect sampling procedures and somewhat arbitrary selection of index models, they do permit useful comparisons. To evaluate similarity two coefficients of community are used. The first (CC) is defined as the ratio of the number of species bAssuLmes frequency equals cover for the four tree species in the UK community. The absolute value of C is little affected by assumptions concerning so few species.
shared by two samples to the total number of different species found in the two samples (Whittaker 1970 Table 3 , estimated as 2 Pi 1g2 Pi (Shannon 1948) , and calculated from tables by Lloyd, Zar, and Karr (1968). In this study pi represents the fraction of total plant cover contributed by the ith species of a community. For this calculation, trace cover values in Table 2 were arbitrarily valued at 0.2%. Higher values of H indicate greater diversity. By this measure fire appears to increase diversity to comparable levels in both krummholz and heath communities. Undisturbed krummholz is the least diverse of the four communities.
Dominance is inversely related to equitability (E) of species distribution (Table 3) , estimated as follows. Assuming that total plant cover is distributed among species according to the Macarthur broken stick model, the number of species needed to provide the known H value can be predicted. This is compared to the observed number of species in the sample, and the ratio of predicted to observed is a measure of the equitability (E) of the distribution (Lloyd and Ghelardi 1964) . Equitability is greater in unburned krummholz (E = 0.28) than in burned krummholz (E = 0.68). This agrees with the visual impression that a krummholz community, dominated by a few species before fire, evinces no strong dominance pattern several years after burning. A similar, but much less pronounced trend appears in comparing the burned heath (E = 0.66) with the unburned heath community (E = 0.52).
The data suggest that although diversity may increase in the early stages of succession, dominance is established and diversity declines as a stable climax is approached. Goff and Zedler (1968) , working in the upland forests of the western Great Lakes area, suggest a similar process after fire.
The effects of fire are observable after 29 years in the structure and compositional details (species presence, frequency, and coverage) of alpine heath and krummholz communities and in acidity and humus form of the associated soils. Community composition (Table 2 ) and mathematical indices (Table  3) show notable increases in species diversity and a marked decrease in dominance by a few species. Pioneer species adapted to transitory site conditions created by fire have occupied the site and will apparently persist for some time, particularly in burned krummholz stands where full recovery will have to await reestablishment of tree cover. The distinctive, persistent flora following fire makes a substantial contribution to the diversity of alpine areas.
